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FULLY SILICIDED GATE STRUCTURE FOR 
FINFET DEVICES 

RELATED APPLICATION 

The present application is a divisional application of and 
claims priority to US. patent application Ser. No. 10/653, 
226, ?led Sep. 3, 2003 noW abandoned, the entire contents of 
Which are incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention relates generally to semiconductor 
manufacturing and, more particularly, to forming FinFET 
devices. 

BACKGROUND OF THE INVENTION 

The escalating demands for high density and performance 
associated With ultra large scale integration semiconductor 
devices require design features, such as gate lengths, beloW 
100 nanometers (nm), high reliability and increased manu 
facturing throughput. The reduction of design features beloW 
100 nm challenges the limitations of conventional methodol 
ogy. 

For example, When the gate length of conventional planar 
metal oxide semiconductor ?eld effect transistors (MOS 
FETs) is scaled beloW 100 nm, problems associated With 
short channel effects, such as excessive leakage betWeen the 
source and drain, become increasingly dif?cult to overcome. 
In addition, mobility degradation and a number of process 
issues also make it dif?cult to scale conventional MOSFETs 
to include increasingly smaller device features. NeW device 
structures are therefore being explored to improve FET per 
formance and alloW further device scaling. 

Double-gate MOSFETs represent neW structures that have 
been considered as candidates for succeeding existing planar 
MOSFETs. In double-gate MOSFETs, tWo gates may be used 
to control short channel effects. A FinFET is a double-gate 
structure that exhibits good short channel behavior. A FinFET 
includes a channel formed in a vertical ?n. The FinFET struc 
ture may also be fabricated using layout and process tech 
niques similar to those used for conventional planar MOS 
FETs. 

SUMMARY OF THE INVENTION 

Implementations consistent With the principles of the 
invention provide FinFET devices With fully silicided gate 
electrodes. The fully silicided gate electrodes cause a signi? 
cant stress to be induced in the ?n, thereby enhancing mobil 
ity in the ?n. Moreover, conductivity of the gate electrodes is 
also enhanced. 

In one implementation consistent With the principles of the 
invention, a method of manufacturing a semiconductor 
device is disclosed. The method includes forming a ?n struc 
ture, Where the ?n structure includes ?rst and second side 
surfaces; forming a dielectric layer on the ?rst and second 
side surfaces of the ?n structure; depositing a silicon layer 
over the ?n structure; etching the silicon layer to form at least 
one gate electrode; performing a ?rst silicide process to con 
vert a portion of the silicon layer into a metal-silicide com 
pound; and performing a second silicide operation to convert 
a remaining portion of the silicon layer into the metal-silicide 
compound. 

In another implementation consistent With the principles of 
the invention, a method includes forming a ?n structure, the 
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2 
?n structure including ?rst and second side surfaces; depos 
iting a silicon layer over the ?n structure; etching the silicon 
layer to form at least one gate electrode; depositing a ?rst 
metal layer on a top surface of the at least one gate electrode; 
performing a ?rst silicide process to convert a portion of the 
silicon layer into a metal-silicide compound; depositing a 
second metal layer on a top surface of the metal-silicide 
compound; and performing a second silicide process to con 
vert a remaining portion of the silicon layer into the metal 
silicide compound. 

In still another implementation consistent With the prin 
ciples of the invention, a method includes forming a gate 
electrode over a ?n structure; depositing a ?rst metal layer on 
a top surface of the gate electrode; performing a ?rst silicide 
process to convert a portion of the gate electrode into a metal 
silicide compound; depositing a second metal layer on a top 
surface of the metal-silicide compound; and performing a 
second silicide process to form a fully-silicided gate elec 
trode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of this speci?cation, illustrate an 
embodiment of the invention and, together With the descrip 
tion, explain the invention. In the draWings, 

FIG. 1 illustrates an exemplary process for forming a Fin 
FET device in an implementation consistent With the prin 
ciples of the invention; 

FIGS. 2-9B illustrate exemplary vieWs of a FinF ET device 
fabricated according to the processing described in FIG. 1; 

FIG. 10 illustrates an exemplary vieW of a FinFET device 
that may be used for ?ash memory applications in an alter 
native implementation consistent With the principles of the 
invention; 

FIG. 11 illustrates a conventional FinF ET design; and 
FIG. 12 illustrates an exemplary tilted FinF ET design in an 

alternative implementation consistent With the principles of 
the invention. 

DETAILED DESCRIPTION 

The folloWing detailed description of implementations 
consistent With the present invention refers to the accompa 
nying draWings. The same reference numbers in different 
draWings may identify the same or similar elements. Also, the 
folloWing detailed description does not limit the invention. 
Instead, the scope of the invention is de?ned by the appended 
claims and their equivalents. 

Implementations consistent With the principles of the 
invention provide FinFET devices With fully silicided gate 
electrodes. The silicide in the gate electrodes causes a signi? 
cant stress to be induced in the ?n, resulting in enhanced 
mobility in the ?n. Moreover, conductivity of the gate elec 
trodes is also enhanced. 

Exemplary Processing 

FIG. 1 illustrates an exemplary process for forming a Fin 
FET device in an implementation consistent With the prin 
ciples of the invention. FIGS. 2-9B illustrate exemplary vieWs 
of a FinFET device fabricated according to the processing 
described in FIG. 1. The fabrication of one FinFET device 
Will be described hereinafter. It Will be appreciated, hoWever, 
that the techniques described herein are equally applicable to 
forming more than one FinFET device. 
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With reference to FIGS. 1 and 2, processing may begin 
With a semiconductor device that includes a silicon on insu 
lator (SOI) structure. The SOI structure may include a silicon 
substrate 200, a buried oxide layer 210, and a silicon layer 220 
on buried oxide layer 210. Buried oxide layer 210 and silicon 
layer 220 may be formed on substrate 200 in a conventional 
manner. 

In an exemplary implementation, buried oxide layer 210 
may include a silicon oxide and may have a thickness ranging 
from about 1500 A to about 3000 A. Silicon layer 220 may 
include monocrystalline or polycrystalline silicon having a 
thickness ranging from about 200 A to about 1000 A. Silicon 
layer 220 is used to form a ?n for a FinFET device, as 
described in more detail beloW. 

In alternative implementations consistent With the present 
invention, substrate 200 and layer 220 may comprise other 
semiconducting materials, such as germanium, or combina 
tions of semiconducting materials, such as silicon-germa 
nium. Buried oxide layer 210 may also include other dielec 
tric materials. 
A protective layer 230, such as a silicon oxide layer (e.g., 

SiO2), may optionally be deposited on silicon layer 220 (act 
105). Protective layer 230 may protect the subsequently 
formed ?n during various etching processes. In one imple 
mentation, protective layer 230 may be deposited to a thick 
ness ranging from about 200 A to about 500 A. 

Next, a photoresist material may be deposited and pat 
terned to form a photoresist mask 240 for subsequent pro 
cessing (act 110). The photoresist may be deposited and pat 
terned in any conventional manner. In an exemplary 
implementation, photoresist mask 240 may be trimmed to a 
Width ranging from about 200 A to about 500 A. 

Source and drain regions may also be formed in silicon 
layer 220. For example, silicon layer 220 may be patterned 
and etched in a conventional manner to form source and drain 
regions on buried oxide layer 210 adjacent the area in Which 
the ?n Will be formed. Alternatively, the source/drain regions 
may be formed by depositing and patterning a layer of silicon, 
germanium or combination of silicon and germanium after 
the ?n structure is formed. 

The semiconductor device may then be etched to form the 
?n structure (act 115). In an exemplary implementation, the 
portion of protective layer 230 and silicon layer 220 not 
located beloW photoresist mask 240 may be etched in a con 
ventional manner With the etching terminating on buried 
oxide layer 210, thereby forming ?n 310 having a protective 
cap 320, as illustrated in FIG. 3. Pin 310 comprises silicon 
and may be formed to approximately the same Width as pho 
toresist mask 240 (e. g., a Width of about 200 A to about 500 
A). As illustrated in FIG. 3, photoresist mask 240 may be 
removed after forming ?n 310. 
A dielectric layer may then be formed on ?n 310 (act 120). 

For example, a thin oxide ?lm 410 may be thermally groWn 
on ?n 310, as illustrated in FIG. 4. In an exemplary imple 
mentation, oxide layer 410 may be groWn to a thickness of 
about 8 A to about 50 A and may be formed on the exposed 
silicon side surfaces of ?n 310 to act as a gate dielectric layer. 
A silicon layer 510 may then be deposited over the semi 

conductor device, as illustrated in FIG. 5 (act 125). Silicon 
layer 51 0 may comprise the gate material for the subsequently 
formed gate electrode. In an exemplary implementation, sili 
con layer 510 may include polysilicon deposited using con 
ventional chemical vapor deposition (CVD) to a thickness 
ranging from about 200 A to about 2000 A. Alternatively, 
other semiconducting materials, such as germanium or com 
binations of silicon and germanium, may be used as the gate 
material. 
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4 
The semiconductor device may be planariZed (act 130). 

For example, a chemical-mechanical polishing (CMP) may 
be performed to planariZe the gate material (i.e., silicon layer 
510), as illustrated in FIG. 6. Silicon layer 510 may then be 
patterned and etched to form one or more gate electrodes (act 
135). Layer 320 is used to protect polysilicon during the 
polysilicon masking and etching process to expose the 
source-drain silicon areas. FIG. 7 illustrates an exemplary top 
vieW of the semiconductor device after a gate electrode is 
formed. As illustrated, the semiconductor device includes ?n 
310, source and drain regions 710 and 720, and gate electrode 
730. 
A silicide process may then be performed (act 140). A 

metal layer may be deposited over source/drain regions 710 
and 720 and gate electrode 730. In an exemplary implemen 
tation, the metal layer may include nickel, cobalt, or another 
metal, and may be deposited to a thickness ranging from 
about 50 A to about 500 A. A thermal annealing may then be 
performed to form a metal-silicide layer (act 140). During the 
annealing, the metal may react With the silicon in source/ drain 
regions 710 and 720 and gate electrode 730 to form a metal 
silicide compound, such as NiSi or CoSi2, based on the par 
ticular metal layer deposited. The thickness of the metal 
silicide layer may range from about 50 A to about 700 A. 

Next, a dielectric layer may be deposited over the semi 
conductor device to provide protection during subsequent 
processing (act 145). In an exemplary implementation, the 
dielectric layer may include a tetraethyl orthosilicate (TEOS) 
compound and may be deposited to a thickness ranging from 
about 200 A to 3000 A. The dielectric layer may then be 
planarized to expose metal-silicide 810 on the upper surface 
of gate electrode 730, as illustrated in FIG. 8 (act 145). For 
example, a CMP may be performed to planariZe the dielectric 
layer to expose the upper surface of metal-silicide layer 810 
located on the upper surface of gate electrode 730. The 
remaining portions of the semiconductor device (e.g., ?n 310 
and source/drain regions 710 and 720) may remain covered 
by the dielectric layer. As illustrated in FIG. 8, the upper 
surface of silicon layer 510 includes metal-silicide layer 810 
formed as a result of the silicide process described above. 
A second silicide process may thenbe performed (act 150). 

A metal layer may be deposited over metal-silicide layer 810. 
In an exemplary implementation, the metal layer may include 
nickel, cobalt, and titanium, and may be deposited to a thick 
ness ranging from about 50 A to about 2000 A. A thermal 
annealing may then be performed to convert the remaining 
portion of silicon layer 510 into a metal-silicide 910, as illus 
trated in FIG. 9A (act 150). During the annealing, the metal 
may react With the silicon in silicon layer 510 to form a 
metal-silicide compound, such as NiSi or CoSi2, based on the 
particular metal layer deposited. 

FIG. 9B illustrates an exemplary top vieW of the semicon 
ductor device after the second silicide process has been per 
formed. Gate electrode 730 may be fully silicided. That is, all 
or nearly all of the silicon in silicon layer 510 has been 
converted to a metal-silicide compound. Source and drain 
regions 710 and 720 may include a thin metal-silicide layer, 
similar to metal-silicide layer 810 described above. 
The present invention has been described above as forming 

a single gate electrode. It should be understood that imple 
mentations consistent With the present invention may be used 
to form more than one gate electrode (e.g., tWo gate elec 
trodes), based on the particular circuit requirements. 

Thus, in accordance With the principles of the invention, a 
fully silicided gate electrode is formed. The metal-silicide in 
the gate electrode causes a stress (or strain) on the channel 
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(i.e., the ?n structure) thereby enhancing mobility in the 
channel. Moreover, the conductivity of the gate electrode is 
enhanced. 

Other Implementations 

In another implementation, it may be desirable to form an 
L-shaped ?oating gate for ?ash memory applications. FIG. 10 
illustrates an exemplary vieW of a FinFET device 1000 that 
may be used for ?ash memory applications in an alternative 
implementation consistent With the principles of the inven 
tion. As illustrated, FinFET device 1000 may include an oxide 
layer 1010 formed on a substrate (not shoWn). A ?n structure 
1020 may be formed on oxide layer 1010 in a conventional 
manner. In one implementation, ?n structure 1020 may com 
prise monocrystalline or polycrystalline silicon. 
An oxide layer 1030 may be formed on the side surfaces of 

?n structure 1020. An L-shaped ?oating gate 1040 may then 
be formed adjacent oxide layer 1030 on opposite sides of ?n 
structure 1020. In one implementation, L-shaped ?oating 
gates 1040 may comprise polysilicon or other gate materials. 
An inter-poly dielectric material 1050 may be formed on 
L-shaped ?oating gates 1040. In one implementation, inter 
poly dielectric 1050 may comprise an oxide. 

Control gates 1060 may then be formed on inter-poly 
dielectric 1050. In one implementation, control gates 1060 
may comprise polysilicon or other gate materials. Accord 
ingly, a FinFET device 1000 may be formed that includes an 
L-shaped ?oating gate for ?ash memory applications. 

In another implementation, mobility may be improved via 
a tilted FinFET device layout. FIG. 11 illustrates a conven 
tional FinFET design 1100. As illustrated, a gate 1110 may be 
formed in a substantially rectangular manner. An N-channel 
device 1120 and a P-channel device 1130 may be formed such 
that the N-channel device 1120 and P-channel device 1130 
are substantially parallel to each other. 

Mobility for carriers is dependent on silicon crystal orien 
tation. Therefore, to improve mobility, the orientation of the 
N-channel device may be varied from that of the P-channel 
device. FIG. 12 illustrates an exemplary tilted FinFET design 
1200 in an alternative implementation consistent With the 
principles of the invention. As illustrated, a gate 1210 may be 
formed such that the orientation of the N-channel device 1220 
may be different than the orientation of the P-channel device 
1230. The difference in orientation may be 45° or other angles 
to optimiZe mobility in the N-channel and P-channel devices. 

CONCLUSION 

Implementations consistent With the principles of the 
invention provide FinFET devices With fully silicided gate 
electrodes. The silicide in the gate electrodes causes a signi? 
cant stress to be induced in the ?n structure. In this manner, 
mobility in the ?n structure can be enhanced. Moreover, 
conductivity of the gate electrodes is also enhanced. 

The foregoing description of exemplary embodiments of 
the present invention provides illustration and description, 
but is not intended to be exhaustive or to limit the invention to 
the precise form disclosed. Modi?cations and variations are 
possible in light of the above teachings or may be acquired 
from practice of the invention. For example, in the above 
descriptions, numerous speci?c details are set forth, such as 
speci?c materials, structures, chemicals, processes, etc., in 
order to provide a thorough understanding of the present 
invention. HoWever, the present invention can be practiced 
Without resorting to the details speci?cally set forth herein. In 
other instances, Well knoWn processing structures have not 
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6 
been described in detail, in order not to unnecessarily obscure 
the thrust of the present invention. In practicing the present 
invention, conventional deposition, photolithographic and 
etching techniques may be employed, and hence, the details 
of such techniques have not been set forth herein in detail. 

While a series of acts has been described With regard to 
FIG. 1, the order of the acts may be varied in other imple 
mentations consistent With the present invention. Moreover, 
non-dependent acts may be implemented in parallel. 
No element, act, or instructionused in the description of the 

present application should be construed as critical or essential 
to the invention unless explicitly described as such. Also, as 
used herein, the article “a” is intended to include one or more 
items. Where only one item is intended, the term “one” or 
similar language is used. 
The scope of the invention is de?ned by the claims and their 

equivalents. 
What is claimed is: 
1. A method of manufacturing a semiconductor device, 

comprising: 
forming source and drain regions in a ?rst silicon layer of 

the semiconductor device; 
forming a ?n structure, the ?n structure including ?rst and 

second side surfaces; 
forming a ?rst dielectric layer on the ?rst and second side 

surfaces of the ?n structure; 
forming a protective layer on a top surface of the ?n struc 

ture; 
depositing a second silicon layer over the ?n structure; 
etching the second silicon layer to form at least one gate 

electrode; 
performing a ?rst silicide process to convert a portion of the 

?rst and second silicon layers into a metal-silicide com 
pound that ranges in thickness from 50 A to 700 A; and 

depositing, after performing the ?rst silicide process, a 
second dielectric layer over the device; 

planariZing the second dielectric layer to expose the metal 
silicide compound of the gate electrode, Without expos 
ing the source and drain regions; 

performing a second silicide process to convert a remain 
ing portion of the second silicon layer into the metal 
silicide compound to form a fully-silicided gate elec 
trode, 

Where performing the second silicide process includes 
depositing a metal layer over the metal-silicide com 
pound, of the gate electrode, that results from perform 
ing the ?rst silicide process, 

Where the protective layer protects the ?n structure from 
the second silicide process, 

Where the second silicide process is separate from the ?rst 
silicide process, and 

Where the fully-silicided gate electrode causes stress on the 
?n structure to enhance mobility in the ?n structure. 

2. The method of claim 1, Where the second silicon layer 
includes a polysilicon. 

3. The method of claim 1, Where the metal-silicide com 
pound comprises one of nickel, cobalt, or titanium. 

4. The method of claim 1, Where depositing the second 
silicon layer over the ?n structure includes: 

depositing polysilicon to a thickness ranging from about 
200 A to about 2000 A. 

5. A method comprising: 
etching a ?rst silicon layer to form source and drain 

regions; 
forming a ?n structure, the ?n structure including ?rst and 

second side surfaces; 
depositing a second silicon layer over the ?n structure; 
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etching the second silicon layer to form at least one gate 
electrode; 

depositing a ?rst metal layer on a top surface of the at least 
one gate electrode and the source and drain regions; 

performing a ?rst silicide process to convert a portion of the 
?rst and second silicon layers into a metal-silicide com 
pound that ranges in thickness from 50 A to 700 A; 

depositing, after performing the ?rst silicide process, a 
dielectric layer over the gate electrode and the source 
and drain regions; 

planariZing the dielectric layer to expose the metal-silicide 
compound of the gate electrode, Without exposing the 
source and drain regions; 

depositing a second metal layer on a top surface of the 
metal-silicide compound of the gate electrode; and 

performing a second silicide process after depositing the 
second metal layer to convert a remaining portion of the 
second silicon layer into the metal-silicide compound to 
form a fully-silicided gate electrode, Where the fully 
silicided gate electrode causes stress on the ?n structure 
to enhance mobility in the ?n structure. 

6. The method of claim 5, Where the second silicon layer 
includes a polysilicon. 

7. The method of claim 5, Where the metal-silicide com 
pound comprises one of nickel, cobalt, or titanium. 

8. The method of claim 5, Where the depositing the second 
silicon layer over the ?n structure includes: 

depositing polysilicon to a thickness ranging from about 
200 A to about 2000 A. 

9. The method of claim 5, Where depositing the dielectric 
layer includes: 
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forming the dielectric layer to a thickness ranging from 

about 8 A to about 50 A. 
10. A method comprising: 
forming a gate electrode over a ?n structure; 
forming source and drain regions at opposite ends of the ?n 

structure; 
depositing a ?rst metal layer on a top surface of the gate 

electrode; 
performing a ?rst silicide process to convert a portion of the 

gate electrode, the source region, and the drain region 
into a metal-silicide compound; 

depositing, after performing the ?rst silicide process, a 
dielectric layer over the gate electrode, the source 
region, and the drain region; 

planariZing the delectric layer to expose the metal-silicide 
compound of the gate electrode, Without exposing the 
source and drain regions; 

depositing a second metal layer on a top surface of the 
metal-silicide compound of the gate electrode; and 

performing a second silicide process after depositing a 
second metal layer to form a fully-silicided gate elec 
trode, Where the fully-silicided gate electrode causes 
stress on the ?n structure to enhance mobility. 

1 1. The method of claim 1 0, Where the metal layer includes 
at least one of nickel, cobalt, or titanium. 

12. The method of claim 10, Where converting the portion 
of the gate electrode, the source region, and the drain region 
into the metal-silicide compound comprises converting the 
portion of the gate electrode, the source region, and the drain 
region into the metal-silicide compound that ranges in thick 
ness from 50 A to 700 A. 

* * * * * 


